Nowadays, an omnipresent problem of resource scarcity and a need for reduction of waste generation make a discussion about eco-friendly production models more serious than ever before. Actions leading to a long-term sustainability of the Earth should not be treated as fashion but as normal practice no matter what branch they concern. A building sector is one of the world's largest waste generators. Fortunately, the Circular economy (CE) can help to diminish an environmental impact of the construction industry. Remembering the business principle what gets measured gets done, there is a need to create new measures of CE thinking in construction companies. These can be helpful in the assessment of the degree to which CE is implemented in the entities. However, so far there have been no scales of such measurement.The article presents two approaches; deterministic and probabilistic. First approach is responsible for the calculation of total performance of the company in terms of CE on the basis of inputs given by experts. Second method allows calculating the probability of the construction enterprise maturity in terms of CE and thus reliability of the deterministic estimation of this indicator thanks to the Monte Carlo simulations. The scale is based on an analysis of five phases of construction projects: design, production of building materials, construction processes, maintenance and end-of-life. Then, three levels of consideration are proposed in the model: organization, process, and workgroup. Results show that the scale can be useful for measuring the circularity thinking in the construction sector.
Introduction
Building has been a sustainable sector since ancient times. Both materials and building techniques represented efficient construction, featuring ecologically designed buildings and eco-friendly materials with high reusability and recyclability. This model of construction was circular. However, the adoption of more resilient and durable building materials during the 20th century converted the sector into one of the most environmentally harmful, unsustainable and waste-generating industries in the world.
Fortunately, businesses worldwide have started to express increasing concern about environmental issues. In this context, the building sector, being one of the larger emitters of harmful gases, generators of waste, and consumers of resources (Esa, Halog and Rigamonti, 2017) , plays a relevant role. The main causes of the building sector's environmental impact are found in the consumption of non-renewable resources and the generation of contaminant residues, both of which are increasing at an accelerating pace. The sector's primary effect is the accelerated destruction of the stock of natural capital (Wadel, Avellaneda and Cuchí, 2010 ; Lo Presti, 2013).
Modern materials, which are useful for construction and which enable excellent building features, have the side effect of dramatically increasing the building sector's environmental impact. Furthermore, the maintenance phase that follows a construction also has a significant environmental footprint. It is also necessary to focus on deconstruction, which is a key aspect for minimizing waste, so as to create more effective strategies (Esa, Halog and Rigamonti, 2017) . Furthermore, the reuse of elements (e.g., parts of buildings) requires deep consideration of their quality, their usefulness in terms of dimensions (do they fit the new place?) and marketing issues (do people want to buy used materials?).
For these reasons, the Circular economy (CE) can be presented as a business model of sustainability that is especially useful in the building sector, so it is necessary to create a specific framework for this business model, providing answers to questions about how to implement the CE in the building industry. However, there is a lack of circularity indicators that would allow us to measure the circularity thinking in the enterprises. Lewandowski's (2016) literature review on the CE reveals only eight references which were focused on evaluation models, some of which analyzed a scale of measurement of the CE. Besides, the indicators introduced by other works such as that of Lihong and Hui (2011) are generic, considering, e.g., emission levels or energy consumption. This scarcity of scales is acting as an obstacle to the development of the Circular economy in construction companies. This research was aimed to create a measurement model of circularity thinking in the building sector based on a set of indicators which would allow businesses to manage the degree of implementation of the CE, collecting information from the project life cycle. Therefore, the main contribution of this paper is a CE measurement scale specifically designed for construction projects. It will be a useful method to evaluate the degree of implementation of CE, generating valuable information not only for the company (contractor), but also for other project stakeholders. This can be a step towards developing CE which is really useful in practice.
Theoretical Framework

Industrial Ecology theory as the base of Circular economy in building sector
Ecology is concerned as 'creation, use, and management of resources for the adaption, human development, and sustainability of environments' (Bubolz and Sontag, 1993) , focusing on the interactions between humans (individuals, groups, and society) and the environment. The entire system comprises the cultural norms and beliefs that influence the other systems, which represent the This view is enriched and focused on the industry through industrial ecology theory, a new framework that is useful to describe sustainable building which pays attention to designs, flows derived from the building process, energies used, and outputs generated (Boons et al., 2017 Tibbs (1993) articulated a framework for industrial ecology that was adapted to the building sector. Thus, industrial ecology is a strategic framework that can be used as a guide for the development of building practices. In the concept, the impacts of the design phase play a key role, guiding the flow of materials in and out of the environment (Hao et al., 2017) . It is crucial to consider buildings in their whole life cycle. According to Lenox and Ehrenfeld (1997) , the first phase of design is a conscious, explicit activity to establish new forms of technology, organizational or industrial structures, human competence, and rules. The design must be the starting point that allows the implementation of the CE in the building sector. Moreover, the current building misdirection is quite clear so the implementation of this new economic model based on circularity has to be done by generating a framework useful for practitioners. Thus, four paths are useful through which the CE can be applied to the building design process, based on the model of Tibbs (1993) and Ehrenfeld (1997 
Building sector in Europe and Circular Economy
The building sector in Europe is strategic for the economies of the most European countries. In 2014, 1,545,460 million euros were invoiced, generating employment for 12,730,700 people 1 . Europe's building industry is highly fragmented and often local, possibly because of each country's legal restrictions. Because of the high inflow of physical goods and personal interaction, the employment ratio in the building industry has remained relatively stable in the various states of the European Union (EU). It usually ranges from 4.5% to 6.5% of total employment.
Currently, the amount of waste generated in the EU appears to have declined: approximately 2. Building sector is characterized by both its intensive energy and water consumption and its generation of negative externalities in the form of environmental pollution. The sector itself is aware that it must change its management model to become more sustainable and that it can comply with the new approach to the 'sustainable use of resources' set out in the European Building Products Regulations, which have been in force since 2013 and state that products' environmental declarations should be used when assessing the sustainable use of resources and the environmental impact of building works.
In addition, the EU is considering initiatives to the use of environmental variables as factors as a basis for establishing public procurement criteria. It is worth noting the EPD (Environmental Product Declaration) methodology, whose purpose is to provide quantitative information about a product or service's environmental impacts throughout its life cycle. In addition, the initiative regarding products' environmental footprint (PEF) attempts to raise awareness and value the environmental impact of the inputs that are incorporated into the production or building process. Thus, taking all of this into account, the sector must consider the transition and progressive incorporation of the new paradigm of the CE, approved by the European Commission, which determines, not only the efficient use of resources in environmental terms, but also the minimization of resources that are consumed, reincorporating them into a new productive or other type of process in which they are considered a productive factor. In this way, the building industry will contribute to a cyclical process in which product life will be as long as possible.
Building Life Cycle Based Assessment Model of Circularity Thinking Scale
Scale Inputs
In order to have the initial indicators of the scale, a systematic review of the literature has been carried out, whose purpose has been to obtain a complete view of the existing research on the subject. In this paper, the research that has been done so far was presented after having used explicit methods to narrow the search and to evaluate in a critical and justified way each of the related studies (Vázquez and López, 2011) . The basic criterion is to show valid and applicable evidence for future research. Review is a fundamental scientific activity and its logic is based on several premises. The first is that the large amount of existing information should be reduced to smaller, more manageable units to facilitate their understanding and management. In this way it will be possible to effectively use the previous scientific evidence, identifying key works and future lines of research. The second is that the review should show evidence of the process developed, it should be auditable and repeatable so that other researchers who follow the search and analysis guidelines can perform comparable work, avoiding search bias and analysis, and the third is that the review should summarize the evidence ( A sustainable life cycle consists of five phases: the sustainable design process; the sustainable production of sustainable materials and equipment; the sustainable building process; the sustainable maintenance; and the sustainable liquidation, meaning the conversion of outputs into the inputs of reuse, remanufacturing or recycling. These phases involve three different levels of study: organizational, meaning decisions related to planning and organizing in the company; processes, meaning decisions regarding the processes of the building; and workgroup, meaning decisions related to the worker level.
The model proposed in this paper can be useful for measuring the circularity thinking in a construction company. The following concept represents deterministic calculation of the Circular Economy Index (values: 0 -100%) understood as a total performance of the company in terms of the CE. 
Method: Probabilistic Estimation
This section explains the Monte Carlo simulation method used to analyse the CE in the building sector. The simulation is a powerful technique to analyse and solve complex problems. It is a technique that imitates the operation of the system of the real world that evolves over time. The simulation takes the shape of a set of suppositions about the operation of the system, expressing through mathematics the relationships between system components (Winston, 2008) .
The Monte Carlo simulation is a technique that generates a random variable based on probability distributions. Because of its flexibility, most assumptions can be relaxed so that operating rules, including policies and components ageing processes, can be accounted for in the model (Zio, 2013 
Where: The parameters xi, xj and xk are input random variables that affect the probabilistic results of the construction enterprise maturity in terms of the CE. The probability distributions of the variables and their statistical properties may be input from a database or may be specified by experts. The probability distributions, which are established for each random variable, enable simulation of the corresponding random numbers. The Circular Economy Scale (CES) is generated in subsequent iterations by values of the input variables. After each iteration, the output is different because each time a new draw is performed, the CES values gained in the simulation, after a defined number of iterations, create a random variable f.
Multiple iterations allow calculating the probability of the construction enterprise maturity in terms of the CE and thus the 
Results of the Simulation
The indicators were grouped into three different levels -organizational level, processes and workgroup, looking for the best indicator selected by experts and authors from the literature review, of each phase of the life cycle. The key indicators at the organizational level with their desired values are shown in Table 1 , at process level in Table 2 , and at work-group level in table 3. Table 4 shows calculation results of the Circular Economy Index (CEI). In the sample case, its value is 58,78%.
Table 4: CEI calculation results
The deterministic calculation was followed by a probabilistic estimation of the Circular Economy Scale ( Figure 5 ). The simulations were conducted in "@RISK" during 5000 pre-set iterations. For the same case as for deterministic values, a level of 58,78% in Circular Economy Index can be reached only in 17,1% configurations what can be treated as a reliability of the deterministic estimation of the Circular Economy Index.
Discussion
The construction sector needs to undertake profound reforms to minimize its negative externalities, particularly in the areas of waste generation and resource management, which will ultimately result in a reduction in its environmental impact.
Therefore, the transition to another model of production such as the CE is not a question of social responsibility alone, but instead has become a strategic factor that guarantees the company's future continuity. In this scenario, the CE is shown as a model upon which the construction sector can rely to achieve its environmental impact reduction objectives.
A new paradigm guarantees the maximum use of resources and their biodegradability. The consideration of resources and technological nutrients leads us to consider the outputs of production processes as future inputs in other processes. The ideas of reducing, reusing and recycling are the basis of the new productive systems. Their application will translate into future sustainability. Moreover, public administrations, companies and institutions that seek sustainability have the right to ask companies to build their facilities in a manner that applies the CE in their processes. The problem is that there is no scale that allows us to measure the degree to which the CE is implemented.
To resolve this issue, a scale of desirable indicators of the company's circularity thinking was prepared. However, the application of life cycle theory to the building sector allows establishing 5 phases in which circularity thinking of the company is considered: the design phase, the manufacture of materials phase, the construction process phase, the maintenance phase, and the end-of-life phase. From practical point of view, it is easier to minimize the environmental impact in a systematic manner. In addition, it is useful to establish the level of the decisions, distinguishing between the organizational level, processes, and workgroup. Measuring the degree of the implementation of CE in each phase, the companies can be ranked, After the design of the scales, a Monte Carlo simulation method was used to evaluate the reliability of the CE measure. The results indicate that this scale will be useful to assess and evaluate each building project's environmental impact. The results show the relevance of each indicator and the desirable target, keeping in mind both each phase and each level.
First, the design phase indicators as design thinking on deconstruction strategies are a key indicator, with 100% being a desirable value (at the organizational level); in addition, the scale uses indicators related to design based on the full BIM (Building Information Modelling) standard (at the process level), 100% being the desirable value; indicators of 'Closed loop' instruction for designer (at the workgroup level) are also relevant; the desired value of this group would be 70% of fulfilment.
Second, in the phase of material manufacturing, the initiatives for sustainable production are a key indicator of the CE at the organizational level, and the desirable value is 80%. Moreover, continual improvement in the application of the CE at the process level is relevant, requiring a value of 90%. Focusing on the workgroup level, the indicator uses more sustainable sources, reuses components, recycles, and applies 3R (Reduce-Reuse-Recycle) ideas to the process; its target is 100%.
Third, in the phase of the construction process, focusing on the organizational level, it is desirable for the indicator energy use intensity to show a value of 90%, whereas at the process level, a percentage of construction site waste generated must be established, with a value target for this item of 100% of fulfilment. However, at the workgroup level, we need to measure the level of waste and components recollected for reuse and recycling by applying 3R principles. The target for this indicator is 40%.
Fourth, in the phase of building maintenance, analysed at the organizational level, the management of building strategies is a key indicator with a value of 80%; processes based on BIM at the process level have an expected value of 80%, and instructions based on CE and BIM at the workgroup level have a desirable value of 90%.
Finally, the phase 'end of life' includes, at the organizational level, the indicator decision accuracy of demolition time and transition to another loop, with an expected value of 70%; the decision accuracy of demolition methods regarding the process level has an expected value of 90%, and the indicator of the decision accuracy of demolition techniques at the workgroup level has an expected value of 90%.
Conclusion
Based on the results, the paper contributes to develop the transition of the linear model to the circular model. Low scale values imply building companies working in the linear model, whereas high values of the final score for the CE show that companies make a commitment to implementing this model. Therefore, this paper's primary contribution lies in designing a scale of measurement of the degree of CE implementation, which will be useful for both government and businesses by facilitating the transition to the CE. Besides, a use of Monte Carlo simulations to rate construction enterprises in terms of their propensity to conduct activities based on the CE concept is an innovative solution. This may be treated as another contribution of the paper..
Limitations and Future Research Line
This paper has the limitations derived from the use of a simulation method. It could be solved through a quantitative study using a Confirmatory Factor Analysis, which allows establishing the statistical properties of the scale. circularity from an evolutionary perspective. Such an approach would use extended periods to isolate temporal phenomena that could distort the outcome. The limitations and the depth of the study have led to a series of future research proposals that are set out below. It is believed that it would be interesting to design a scale, not for a specific moment in time, but over a broader period of time and using longitudinal analysis to observe the evolution of the indicators.
